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Outline 

  Introduction – What is LBNE ? 
  Project Organization and Status 
  Detectors : Far and Near 
  The Nu Beam 
  Budgets, Manpower requirements, 

resources 



2006-2007 US Long Baseline Study 
•  Main Conclusions 

  1300 km  baseline is superior to the possible 
baselines in NuMI 

  Two detector technologies should be considered  
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WC - 300 LAr - 100 

New Beam, Large Detectors  Big Project  Potential Big Payoff 

Statistical errors only 
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A 1st step in a Long Term Program 



Spring 2008 – P5 Report 
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Charge from DOE – February 2009 
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•  FNAL Responsibility : 
  Project Management 
  Beam 
  Near Detector 

•  BNL Responsibility  
  Far Detector 



R. Rameika  June 2009 PAC 10 



The Self-Organized Science Collaboration 

UC Davis  
Feb 26-28, 2009 
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Comment on the Collaboration 

•  The collaboration has a common vision on the science 
  Large Detectors offer multiple science opportunities 

  Accelerator Neutrino Physics  (once you have a 
beam) 

  Proton Decay (once you have enough mass) 
  Supernova detection (if your detector is there 

when it happens) 
  If you try hard : relic supernovae, solar neutrinos, 

geoneutrinos,… 
  Be ready for surprises and new ideas 

•  There is passionate debate on the detector technology  
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3 year proposals 
To develop Preliminary Designs 
(more than CD-1, less than CD-2) 

Proposals were due January 9, 2009  



Water Cerenkov  
– S4 
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48 names 
22 institutions 

Includes a near detector task –  
FNAL, LANL 

R. Svoboda - PI 



Liquid Argon  
– S4 
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M. Marshak - PI 

13 institutions 
31 researchers   
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LBNE : Project Definition Phase  (pre CD-0 – CD-1) 
LBNE  Project Office 

R. Rameika 
FNAL 

Near 
Detectors 

Neutrino Beam 
V. Papadimitrio, 

TBD  

Far 
Detectors 

Technical 
Components 
VP, FNAL /AD 

Detector 
Components 
C. Mauger 

LANL 

Conventional 
Construction  
 T. Lackowski 
FNAL/FESS  

Water Cerenkov 
J. Stewart, BNL 

Liquid Argon 
B. Baller  

FNAL 



R. Rameika  June 2009 PAC 

LBNE  
Project Office 

FNAL 

Integration Team 
FNAL, BNL, LBNL 

Large Cavity 
Design 

DUSEL  
Project Office 

LBNL 

Experiment/
Facility Interface 

WC 
Project Office - BNL 

LAr 
Project Office - FNAL 

WC WG 

LAr  WG 

Temp Ex-Com & IB 

Science  
Collaboration 

Neutrino Beam - FNAL 

Near Detector - LANL 

DOE/NSF 
Joint Oversight 

Group 
(JOG) 

Beam and Near 
Detector WG 

20 
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LBNE : Project Definition Phase  (pre CD-0 – CD-1) 
LBNE  Project Office 

R. Rameika 
FNAL 

Near 
Detectors 

Neutrino Beam 
 V.Papadimitrio 
 TBD 

 FNAL 

Far 
Detectors 

Technical 
Components 
VP, FNAL /AD 

Detector 
Components 
C. Mauger 

LANL 

Conventional 
Construction  
 T. Lackowski 
FNAL/FESS  

Water Cerenkov 
J. Stewart, BNL 

Liquid Argon 
B. Baller  

FNAL 

Integration 
C. Laughton, FNAL  

J. Stewart, BNL 
TBD, LBNL 

 Large Cavity 
Design 

R. Kadel 

Experiment/
Facility 

Interface  
S. Marks 

DUSEL Project Office 
K. Lesko, UC/LBNL 
C. Robinson, LBNL 



The CD-1 Plan 
•  Making a plan that did not duplicate effort that was 

proposed to be done under the S4 or S3 (DUSEL at 
LBNL) proved to be challenging 

•  Posted a 1st draft by March 16 
•  Discussed it with DOE (Procario, Blazey) 
•  They requested that we do a better job 

  Visited LANL, LBNL, BNL 
  Scrubbed numbers 
  Clarified many issues about resource availability 

•  Posted 2nd draft May 20 
  Got more feed back, to keep improving it 

•  In the process - $15M ARRA funding had to be 
integrated into the plan 

•  Plan has been developed without knowing the specific 
CD-0 project scope 
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A bit more guidance… 
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While one can understand that there are 
certain procedures and protocols associated 
with the CD process, it has been challenging 
to construct this plan to satisfaction of the 
collaboration 



Status 
•  Mission Need Documentation for CD-0 has been 

prepared and is under review in DOE 
•  Project Management teams at FNAL and BNL are 

beginning to be staffed 
•  A  plan for developing the documentation required for 

CD-1 has been developed  
  http://lbne-docdb.fnal.gov 
  LBNE Document 26-v2 
  User name : LBNE ; ask me if you want the password 

•  $15 M of ARRA funding is being directed to LBNE to 
accelerate the CD-0 to CD-1 process 
  Need to define milestones and deliverables 
  Get to CD-1 by the end of 2010 

•  The Science Collaboration is awaiting funding from the 
NSF S-4 awards     
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Deliverables : Documentation 

R. Rameika  June 2009 PAC 27 



R. Rameika  June 2009 PAC 28 

Incredible amount of work to accomplish in < 18 months 
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Similar tasks at BNL 

$ 6M of the ARRA 
 funds to BNL 
(WC Project  
Management 
And design; 
TPC and cryo 
work on LAr) 



Large Far Detectors 
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For CD-1 we need to have a baseline configuration, 
with alternatives evaluated 



Far Detector : Water Cerenkov 

•  Super-K 
  13K 20” PMT 
  40% coverage 
  50 kT total  

mass 
  39 m diameter 
  42 m height 

•  LBNE 
  60 K 10” PMT 

per 100kT FV 
module (25%) 

  ~55 m diameter 
  ~60 m height  
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600MeV muon 

500MeV  electron 



Far Detector : Liquid Argon 

•  LAr potential 
  Efficiency ~80% 
  e/π0/γ identification – low 

NC bkgd 

•  Proof of Principle at large 
scale lacking 
  ICARUS T-300 x 2 
  Many challenges 
   large extrapolation 
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Signals and  backgrounds for WC vs. LAr 
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Motivation – high efficiency  smaller 
detector 
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From M. Dierckxsens 

Values of sin22θ13  
where you have 



Large Far Detectors 

•  Deep underground 
  Coupled to the Underground Laboratory 

Infrastructure 
  Major cavity excavations   cost, schedule, safety  

considerations  
  Maximizes the scientific productivity 

•  Shallow site 
  May have less severe infrastructure requirements 
  Construction may  have less  cost, schedule, safety  

considerations  
  Limits scientific productivity 
  WC technology won’t work 
  LAr technology may work 
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Super-K Cost Drivers 

$110 M in 1996 
Unlikely in DOE  
accounting $s 

PMTs 



Large Cavity, Water Cerenkov Detector 
Water: 53m Dia. x 54m vertical,  

Fiducial Volume: 50m Dia. x 51m vertical 
Entrance Drift 

at 4850L  

Excavation Ramp 
to Mid-Levels  

Excavation Drift 
at Lower Level, 5040L  

Large Cavity  

Utility Rooms  

Water Level  
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50 - 60 m span 
Approaches the  
technically feasible limit 
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νs 



Proton Decay - Water 
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One order of magnitude improvement with 500 kT,  
after a ~20 year exposure 



Proton Decay - LAr 
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The Big Question 
•  How does one (collaboration, committee, 

laboratory, funding agency…) decide what’s 
the best technology? 
  Water Cerenkov – brute force 

  Basic technology is proven 
  Some factors are not a large extrapolation, 

others are (more later) 
  Performance for a small νe appearance signal in 

the presence of a large background is what 
drives the size requirement 

  Liquid Argon – elegant but unknowns 
  Performance has been demonstrated on a small 

scale 
  Need to extrapolate technology  to larger scale 
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Extrapolation to Large Scales 
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•  The success of ArgoNeuT is really exciting, but we have a long 
way to go in developing a plan for a large detector 
  Technical risks 
  Unknown Cost 
  Safety issues 

•  The proven performance of Super-K goes a long way towards 
having confidence in the WC technology 
  Not just scaling (50  120 kT) 

  13K PMTs  180K PMTs for 300 kT 
  Unknown costs 
  Procurement issues 

•  We need a plan to evaluate the technologies in a logical, 
transparent, apples to apples way 



Configurations 
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One can imagine 4 
 potential configurations How can we 

 optimize? 



Equivalent categories of evaluation 
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Need to determine the cost drivers and potential 
show stoppers 



Costing Process – Priority on Cost Drivers 
•  Both Detectors 

  Cavity and Infrastructure Excavations 

•  Water 
  PMT’s (60K per module) 
  PMT support structure 
  Electronics * 
  Purification and Environmental Control 

•  Liquid Argon 
  LAr (~$1M/kton) 
  Cryo system, ODH mitigation 
  Electronics * 
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*Everyone says electronics should be cheap –  
but current estimates for both LAr and WC are  

still at $50-$100/channel 



Cavern Excavation Costs 

•  Preliminary estimates for 100kT (120k m3) at 
Homestake 
  February 2008 (P5 at SLAC)  

  $28 M (No rock disposal, contingency) 
  August 2008 (M. Laurenti at FNAL) 

  $90 M (with rock disposal estimate, contingency) 
  $750/m3 

•  MINOS – Soudan Experience 
  Rock Excavation only : 

  1994 Proposal Estimate : $3.3 M 
  FY2000 actual : $7M for 11,500 m3 

  Escalate to FY08 : $780/m3 
•  Chris Laughton  Recent Project Search 

  $500 - $ 1000 / m3 
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PMTs 
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Prepared for CD-0 briefing 
 to DOE in November 

“proposal” MD_P5 RR 

*Ice cube 

* 



PMT’s 
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•  300 kT detector  ~ 180 K 10” tubes for 25% 
coverage 

•   There is only one manufacturer 
  Production capacity 
  Delivery schedule 
  Unit cost + shipping 

•  IF  the per channel cost is 
  $2000 (no contingency)  

 $120M per module 
•  Need to reduce this 

  Electronics 
  Cable 
  ? Where can you get the most bang?  



Liquid Argon Cost Scaling 

•  ICARUS 
  Hard to extract costs - true R&D over many years 

•  FLARE - 2004 
•  FLARE Revision/submission to NuSAG - 2005 
•  ArgoNeut - actual 
•  MicroBooNE - proposal/estimate 
•  LAr5 – Guesstimates 

•  All have been for on or near surface 
construction 

•  The next few slides are some work done last 
fall – not updated since…… 
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MicroBooNE Proposal (FY09$) 
•  Base Cost (no contingency) ~$12M [M&S + SWF] 
•  100t (0.1kT) active mass → $120M/kT ! 

  Cannot extrapolate to larger mass 

Cryostat and Cryogenics

Electronics,PS,DAQ,Monit
oring

TPC & Photodetector

Installation&Integration

Building/Infrastructure

Detector Feedthroughs

Liquid Argon

10k channels : ~$125/channel for Front End Readout 

* 

* Cost of liquid argon is insignificant  



FLARE LOI (2004) 
•  ~50 kT, 4 m drift, 300k readout channels  
•  $111M [no contingency, no EDIA] 

  Add 25% EDIA + inflation to FY09 →  ~$166M → $3.3M/kT! 
  Seems reasonable : what are the assumptions that don’t 

scale? 

Cryostat and Cryogenics

Electronics,PS,DAQ,Monit
oring

TPC & Photodetector

Installation&Integration

Building/Infrastructure

Detector Feedthroughs

Liquid Argon
* 

* Cost of liquid argon is now a cost driver  

Industrial 
tank 

Support  
Structures  

for TPC 



15kT revision for NuSAG (2005) 

•  Base estimate at $60M 
  Add EDIA and inflation → $86M → $6M/kT 

Cryostat and Cryogenics

Electronics,PS,DAQ,Monit
oring

TPC & Photodetector

Installation&Integration

Building/Infrastructure

Detector Feedthroughs

Liquid Argon

100k channels at ~$50/channel 



2008 : “Propose”  LAr5 Step 

•  Combination of large detector and small 
detector  costs : $35M Base (no contingency) 

Cryostat and Cryogenics

Electronics,PS,DAQ,Monit
oring

TPC & Photodetector

Installation&Integration

Building/Infrastructure

Detector Feedthroughs

Liquid Argon

54k channels at $50/channel 

Used this model to scale to 7 and 10 kT…. 



1

10

100

1000

0 10 20 30 40 50 60 70 80

Detector cost 

Cost per kT 

Cost evolution : Goal 
•  A large detector for CP violation, PDK(Kν), supernova … 

  Need 30 - 100 kT 
  $100 M < TPC < $300M 

•  ~ $3M/kT (FY09$, pre-contingency) 
•  Plus Cavity and Infrastructure 

Example Only – Needs a lot more work 



Proposal for assembling a cost estimate – 
a Project Driven Task 

•  Design teams determine the labor (SWF) 
requirements 
  In appropriate units : hours, days, months or years 
  At Laboratories, universities or for contracted services 
  For 

  Design 
  Procurement/Fabrication 
  Construction 
  Testing 
  Installation 
  Pre-commissioning 
  Preparation of documentation  
  Preparation for and participation in reviews 
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•  Design teams determine the costs (M&S) for 
procurements of materials and services (that 
are not costed above) 
  Include construction of facilities required for 

fabrication, testing, storage, staging, etc. 

•  Labor costs need to be separated by the 
institution where the work will be carried out 

•  Costs for non-oscillation physics need to be 
called out incrementally 

•  Estimates should be done at the WBS level 
most appropriate to the stage of the design 

•  Estimates will be submitted to the Project 
Office 
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•  The Project Office will  
  Collect the standard labor rates and overheads at 

each proposed institution 
  Assemble the cost in FY10 dollars, and do a 

preliminary attempt to schedule and apply inflation 

•  The 1st pass at this will be to cost a single 
  100 kT (FV) WC module located at 4850’ 
  20kT (TV) LAr module(s) at 4850’  

•  The 2nd pass will be to scale the scope to 
include 
  300 kT FV WC (2 – 3 modules) 
   50 kT FV LAr (3 x 20), 300’ 
  Include incremental costs for the non-oscillation 

physics 
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Proposal for Evaluating Detector 
Performance – a Science Collaboration 
driven task (with help from FNAL-CD) 
•  Need to use  common  tools and (possibly) 

framework for  
  Neutrino Flux (Gfluka, MARS) 
  Neutrino Interactions  (Neugen, GENIE) 
  Cross checking with two packages is good 
  Flux and cross-sections give event rates for signals 

and background 

•  Detector simulations (G4) determine 
  Reconstruction efficiencies 
  Particle ID  and mid-ID 
  Energy resolution 
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•  Common tools for calculating sensitivities : 
  Neutrino Oscillations 

 FNAL-fast for quick evaluation of 
configurations 

 GLOBES for “final” evaluation and 
comparison 

  Agree ahead of time on 
   the masses that will be compared, 
  POT’s and how they are split neutrino 

and anti-neutrino 
  Neutrino beam configuration 
  Sensitivity level – 3, 5 σ

•  Make similar considerations for proton decay 
and supernovae 
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Near Detector 

•  ND Working Group has been active for several months 
– gathering together experience from many experiments 
– past, current and planned 
  MINOS, MiniBooNE, SciBooNE, K2K/T2K, Minerva, 

MicroBooNE…  
  Lead by Los Alamos, collaboration wide interest is growing 
  We need to make sure the scope doesn’t grow accordingly 

•  Requirements and design will depend on how it is 
planned to be used in the analysis 

•  Most likely a hybrid of fine grained detectors, and target 
material to match the far detector will emerge as a 
strawman for the CD-1  process 
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A Nu Beam to Homestake 
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Beam trajectory to Homestake 
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Experience from NuMI 
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Civil construction 

Technical  
Components 

70% 0f the $110M TEC 



Civil Construction Cost Drivers 
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1.2 km 
100 m 

Initial parameters for NuMI set to  
maximize neutrinos at ~10 GeV   

long decay tunnel 



Design Considerations 

•  NuMI 
  Beam power – 

400 kW 
  Decay length for 

high energy 
  Used a TBM 
  Continuous 

tunnel 

  Technical lessons 
learned 

  Corrosion 
  Tritium 

•  Nu beam to 
Homestake 
  Beam power –    

2 MW 
  Optimization for 

low energy 
  Shorter, wider 
  No TBM 
  Separate ND Hall 

  Target Hall 
  Component 

replacement 
  Tritium mitigation 
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Target Hall Layout 

See the paper copies that I brought 



Target Hall Design 
•  Requirements 

  Safe and efficient 
exchange of targets 
and horns 

  Design depends on 
required frequency of 
repair 

  How long will the 
target last? 

  Work area for 
repairs 

  Dehumidification to 
mitigate tritium 
production   
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Beam Design Requirements 

•  Want a wide band beam cover the 1st and 2nd 
oscillation maximum 
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0.8 GeV 2.7 GeV 

Above 10 GeV 
Is not very useful 



Decay Pipe and Tunnel 
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NuMI : 2 m diameter pipe, 7m diameter tunnel (shielding and passage),  
750 m length 
LBNE : 4 m diameter pipe, ~9 diameter tunnel,250 m length 



Optimizing the neutrino spectrum 
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Reduce high energy tail;  
enhance low energy  



Pre-conceptual Design 

•  Drawing package ready to go out for a cost 
estimate – mid July 
  Separate experts will estimate the conventional 

surface buildings and outfitting (surface and 
underground) 

  Tunneling and mining experts will estimate the 
excavation 

•  Preliminary cost estimate will be available in 
Fall 

•  Site borings will be done this Fall also 
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CD-1 Plan :  
Budgets, Manpower Requirements 
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FY09 
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FY09 Scientific effort 
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$K 



FY10 
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FY10 Scientific Effort 
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Budget Summary 
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An additional $3M in ARRA  
is held back in Washington 



Challenges 
•  Several MAJOR aspects of this project require 

expertise that does not reside within our 
laboratories and universities – mining, 
tunneling, underground outfitting and safety in 
such projects 

•  Many technical and scientific personnel (at the 
Laboratories and Universities) with the 
expertise to design this project are committed 
to other projects (NOvA, T2K, Daya Bay, 
Double Chooz, MicroBooNE) 

•  Difficult to buy scientific and technical 
manpower with the experience to jump right in 
and do the work in the time frame being put 
forth 

R. Rameika  June 2009 PAC 83 



Alternatives Analysis 
•  Many  obvious alternatives have been explored, 

documented and  discounted in previous studies, site 
selections, etc. 
  BNL to  Homestake 
  NuMI to LAr100 at 1st and 2nd oscillation maximum 
  DUSEL at Henderson, Cascades, Soudan…. 

•  Pulling all of this together again is not difficult, but will 
take significant effort  

•  The Conceptual Design needs to be based on actual 
trajectory and detector location 
  If the outcome of the alternatives analysis is different than 

this, we are back to square 1 
•  The evaluation of the detector technology requires a 

combination of scientific understanding of the detector 
performance, ability to assess costs, schedules and 
contingencies, evaluation and assessment of risks 
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Fermilab Water Cerenkov Detector Task Force 

•  Commissioned by Fermilab Directorate with charge 
    to evaluate the current state of the detector design, determine what are the most 

significant and relevant issues to be resolved and to make recommendations on 
how Fermilab can and should contribute to the [Water Cerenkov detector design] 
effort 

•  Task force members 
      Del Allspach – Process Systems Engineer, PPD/MD.   
      Leo Bellantoni – Scientist, PPD/EPP.  
      Steve Brice – Scientist, PPD/Neutrino (Department Head).   
      Thomas Junk – Guest Scientist, PPD/CDF.      
      Robert Plunkett – Scientist II, PPD/Neutrino.    
      Peter Shanahan (Task Force Chair) – Scientist, PPD/Neutrino.   
      Robert Tschirhart – Scientist II, CD/CDO/FPE.  
      Richard Tesarek – Scientist, PPD/CDF 
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WCTF Approach 

•  Within the context of the S4 proposal, we 

  Evaluated the status of the design, including issues 
and challenges, 

  Evaluated the capabilities of Fermilab relating to 
those challenges, 

  Recommended how Fermilab could and should 
contribute to the WC detector design, with an 
emphasis on the period leading to CD-1.  
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Final WCTF Recommendations 
•  Fermilab should investigate involvement, in the context 

of the Science Collaboration and the LBNE project, in 
the design of 

–  Detector Cavern and Containment vessel, as an 
integrated issue with light collection and detection, 

–  Water handling system, 
–  Calibration system, including preliminary investigation of 

the possibility of an in situ accelerator source, 
–  Custom readout and high voltage electronics, 
–  Project elements for the procurement, testing, assembly, 

and integration of large number of photo-detectors and 
other detector components, 

–  and, in the development of simulations and reconstruction 
software which will be central in resolving all other design 
issues. 
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Summary 

•  Two main takeaways from WCTF 
  Integrate design efforts sooner than later 
  Develop simulations 

•  Fermilab’s integration into the WC design 
project depends on how the project gets 
structured by the BNL project team, working 
with the expertise already identified within the 
collaboration, with the caveat of the LBNE vs 
S4 context 

•  Since March a WBS has been developed and 
Working Groups for major topics have been 
set up 

•  WG  leaders have been assigned in almost all 
areas 
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Water Cerenkov Working Groups 

•  Water Containment -  F. Feyzi, PSL/UW 
•  Water System – R.Bionta, LBNL, H. Sobel, 

UCI 
•  PMTs – being negotiated 
•  Electronics – E. Kearns (BU), R. Van Berg 

(Upenn) 
•  Simulations – C. Walters 
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Liquid Argon Working Groups 

•  Physics reach (simulations) – B. Fleming, Yale 
•  Cavern – C. Laughton 
•  Cryostat, Cryogenics, and Purification – J. 

Urheim, IU 
•  TPC/HV and Photon Detectors – H. Wang, 

UCLA, B. Yu, BNL 
•  Electronics – C. Thorne, BNL, C. Bromberg, 

MSU 
•  Installation, Commissioning, Operation – B. 

Miller, Minn 
•  Life Safety, ES&H – R. Poling, Minn  

R. Rameika  June 2009 PAC 90 



Conclusion 
•  This is a very challenging project  to build an 

experiment that has potential for a big pay off 
•  There is a committed group of scientists willing 

to spend the better part of a decade to design 
and build this, 

•  To then spend another decade collecting the 
data,…. 

 Let’s hope we can analyze it quickly…. 
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60 x 1020  POT in  ν  mode 
60 x1020 in anti-ν mode 
You don’t get mass hierarch or true 
CP violation till you run both 
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Fermilab Ten-Year Plan at The Three Frontiers 

ILC / CLIC / Muon Collider 
? 

(Technically Limited) 

We have a long way to 
go…. 
Time to get started! 


